Ultrasonically assisted antioxidant extraction from grape stalks and olive leaves  by Cárcel, Juan A. et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2009) 000–000 
www.elsevier.com/locate/procedia
International Congress on Ultrasonics, Universidad de Santiago de Chile, January 2009 
Ultrasonically assisted antioxidant extraction from grape stalks and 
olive leaves 
Juan A. Cárcela*, José V. García-Péreza, Antonio Muleta, Ligia Rodrígueza and Enrique 
Rierab
aGrupo de Análisis y Simulación de Procesos Agroalimentarios; Dpto. Tecnología de Alimentos, Universidad Politécnica de Valencia, Camino 
de Vera s/n, E46022-Valencia, Spain 
bGrupo de Ultrasonidos de Potencia, Dpto. Señales, Sistemas y Tecnologías Ultrasónicas, Instituto de Acústica, CSIC, Serrano 144, E28006-
Madrid, Spain 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
Grape stalks and olive leaves present high amount of phenolic compounds with antioxidant properties. The extraction of these 
compounds may be considered a way to increase in value both agro-food by-products. Ultrasound is widely applied in extraction 
due to its effects (cavitation, microstirring or sponge effect) over the process. The goal of this work was to address the application 
of ultrasound on the antioxidant extraction of olive leaves and grape stalk. For that purpose, the extraction of antioxidant 
compounds from grape stalks and olive leaves, previously dried at 100 ºC, were carried out using a ethanolic solution (80 % v/v)
at 60 ºC. Extractions were carried out with (US; 30 kHz; 600W)) and agitation (AG) without ultrasound application. In the AG 
experiments, the solution was agitated with a stirrer. Samples were obtained at different extraction time (10, 30, 60, 120, 180,
240, 360, 480 and 1440 min) and their antioxidant capacity was measured using FRAP method. The Naik model was used to 
model the extraction kinetics, being identified the antioxidant capacity of extracts at the equilibrium (Yeq) and the initial velocity 
of extraction (Yeq/B). For grape stalks, the antioxidant capacity of extracts at the equilibrium (Yeq) and the initial velocity of 
extraction (Yeq/B) were higher in AG experiments than in US experiments. In the olive leaves extractions, the Yeq/B was of the 
same order for both treatments but Yeq was significantly higher for US experiments. The different influence of ultrasound for 
both by-products can be explained from their different geometry and structure. 
PACS: 43.35.c; 43.38.Fx; 43.35.Ty 
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1. Introduction 
Grape stalk constitute a by-product from wine making that represent from 3 to 6 % of the raw matter processed in 
a winery [1]. It supposes an important amount of waste without any economically important application that may 
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represent an environmental problem [2]. The stalks are characterized by a large content of phenolic compounds with 
high antioxidant activity [3] and excellent properties as free radical scavengers significantly more effective than 
other products described in the literature [4]-[5]. The pruning of one olive tree generates approximately 7 kg of 
waste by year. The olive leaves suppose a high percentage of this waste, being characterized by high amount of 
compounds, such as oleuropeine (20-25%), with antioxidant, antimicrobial and antipyretic properties. 
Compounds with antioxidant activity are used to limit the lipid peroxidation, one of the main mechanisms for 
deterioration of food products during processing and storage. The natural antioxidants can protect the human body 
of free radicals that may cause some chronic diseases including cancer and cardiovascular diseases. Then, both by-
products, stalks and olive leaves, could be an interesting source of natural antioxidants avoiding the toxic and 
carcinogenic effects on humans of synthetic antioxidants [6]. 
There are a number of mechanisms by which ultrasound can affect mass transfer [7]-[8]. The high ultrasonic 
intensity of the waves can generate the growth and collapse of bubbles inside liquids, a phenomenon known as 
cavitation [9]. The asymmetric implosions of the cavitation bubbles close to a solid surface generate microjets in the 
direction of the surface that can affect mass transfer by disturbing the boundary layer. Some other effects of 
ultrasound that can affect the resistance to mass transfer are the heating of materials due to thermoacoustic effects 
[10], the microstirring in fluids, mainly at interfaces [11], and some structural effects such as the so called “sponge 
effect” when the samples are squeezed and released like an sponge [12] and the creation of microchannels [13]. 
The kinetic of extraction could be monitored from the antioxidant capacity of the extracts at different extraction 
times. It is desirable that the method to estimate the antioxidant capacity of extracts be fast and repetitive due to the 
high number of replicates that it is necessary to carry out to assure the conclusions obtained, owing the natural 
variability of samples. Among the procedures to determine the antioxidant capacity of an extract the measurement of 
the ferric reducing/antioxidant power (FRAP) is one of the most widely used methods [14].  
The influence of ultrasonic application in the extraction kinetics may be quantified from modeling. An empirical 
model widely used to study extraction processes is Naik’s model [15]. 
The main goal of this work was to assess the influence of the application of high intensity ultrasound on the 
extraction kinetics of antioxidant compounds from grape stalks and olive leaves. 
2. Materials and Methods 
2.1. Raw material and drying experiments 
Grape stalks (Vitis vinifera var Bobal), obtained from a winery located in Requena (Valencia, Spain), were 
collected just after being separated from the berries. Olive leaves (Olea europeae var Serrana) were collected in a 
farm located in Soneja (Castellón, Spain). 
The stalks were dried in a laboratory forced air drier (BINDER GmbH, APT Line BD) using an initial mass load 
of 0.5 kg. The drying temperature used was 100 ºC and drying was extended until constant weight. After drying, 
both by-products were immediately vacuum packed, protected from light and stored at 2±0.5 ºC until their use in 
extraction processes. 
2.2. Extraction experiments 
The extraction of antioxidant compounds was carried in containers immersed in a controlled temperature bath 
(60±0.5 ºC). In each container were placed 20 g of dried stalks or olive leaves and 440 mL of the solvent, a solution 
ethanol-water 80 % (v/v). To avoid the losses of solvent during extraction, a condenser was connected to each 
148 J.A. Ca´rcel et al. / Physics Procedia 3 (2010) 147–152
J. A. Cárcel et al./ Physics Procedia 00 (2010) 000–000
container. For both by-products, two types of extraction experiments were carried out; with (US) and without (AG)
ultrasonic application. In the US experiments the ultrasonic energy was provided by the own bath (30 kHz; 600 W;
28 L Fungilab S.A.; Barcelona, Spain). The location of vessels inside the bath was fixed in the points with
maximum level of acoustic pressure (0.1243±0.0003 bar) by previous measurements using a hydrophone (TC4013,
Reson A/S, Slengerup, Denmark). For the AG experiments, a stirrer (Heidolph RZR1; Heidolph Instruments GMBH
& Co., Schwabach, Germany) fitted with a marine type impeller (5.5 cm diameter; 1500 r.p.m.) was used. At least
three replicates were carried out for each tested extraction condition.
Extracts (3 mL) were obtained at 5, 10, 15, 30, 60, 120, 180, 240 and 1380 min, filtered (Whatman Schleicher & 
Schuell, FP 30/0.45 CA) and stored in opaque containers at 3±1 ºC until the antioxidant capacity measurement. In 
each extraction, the extract volume was replaced with a new solvent. At least, 4 extraction replicates were made for 
each condition tested (stalk-olive leaves and US and AG experiments).
2.3. Antioxidant capacity measurement
The kinetics of extraction was estimated from the measurement of the antioxidant capacity of extracts obtained at 
the different extraction time. For that purpose, the FRAP method was used. The ferric reducing ability of each 
standard solution was estimated according to the procedure described by Pulido et al. [16] with some modifications.
Briefly, 900 µl of FRAP reagent, prepared freshly and warmed at 37ºC, were mixed with 30 µl of distilled water and
30 µl of test sample or water as appropriate reagent blank. The FRAP reagent contained 2.5 ml of a 10 mM TPTZ
solution in 40 mM HCl plus 2.5 ml of 20 mM FeCl3·6H2O and 2.5 ml of 0.3 M acetate buffer, pH 3.6 [15]. 
Readings at the absorption maximum (595 nm) were taken using a Helios Gamma + (Thermo Spectronic,
Cambridge, UK) spectrophotometer. Alt lest 4 replicates were carried out for each measurement.
2.4. Mathematical Modeling
Among the empirical models used to describe kinetics, it can be noted the model of Peleg. It was created to
describe sorption moisture kinetics, and later modified by Naik et al. [15] to be used in extraction process (1).
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Y is the antioxidant capacity of the extracts obtained at different extraction time (t) expressed such as TROLOX
equivalent (Pmol/L), Yeq represents the antioxidant capacity in the equilibrium, Yeq/B is a measurement of the initial
extraction velocity. The parametric identification consisted of finding the values of Yeq and B that minimize the sum 
of the square differences between experimental and calculated antioxidant capacity data. For that purpose, the GRG
optimizing method available from spreadsheet ExcelTM was used. The fit of the model was evaluated by the
percentage of explained variance (2)
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Where S  and  are the sample and the estimation variances respectively.2Y 2tyS
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3. Results and Discussion
3.1. Experimental results
From the experimental antioxidant capacity of extracts, the high dispersion in experimental data can be observed
(Fig. 1). This may be linked not only to experimental methodology used in the work but also to the own variability
of vegetal materials. However, it is possible from experimental data to distinguish that olive leaves extracts
presented higher antioxidant capacity than those from grape stalks. Thus, after 180 min of extraction the grape stalks 
extracts (AG) presented an antioxidant capacity of 9327±1697 Pmol TROLOX/L and the olive leaves extracts (AG)
of 16146±1116 Pmol TROLOX/L. The effect of ultrasound in the extraction process was linked to the raw matter.
For grape stalks, the antioxidant capacity of US extracts was lower than AG ones. For instance, after 180 min of 
process, it was 6113±1359 Pmol TROLOX/L for US extracts in front of 9327±1697 Pmol TROLOX/L for AG
extracts. In the case of olive leaves, the opposite behaviour was observed, the US extracts presented higher
antioxidant capacity than AG ones. For instance, 16685±2021 Pmol TROLOX/L for US extracts at 180 min and 
16146±1116 Pmol TROLOX/L for AG ones.
Fig.1  Evolution of experimental antioxidant capacity of extracts from olive leaves 
obtained with agitation (AG)
3.2. Modeling
Actually, the Naik model fit adequately the experimental data. However, low VAR were obtained in grape stalk
experiments, as can be observed in Table 1. It may be explained due to not only the high variability in antioxidant
composition but also to the irregular matrix of grape stalk.
The results of modeling show that the initial extraction velocity (Yeq/B) was higher in the antioxidant extraction
from olive leaves than from grape stalks. The application of ultrasound (US) decreased in both cases the initial
extraction velocity compared to the experiments carried out with mechanical agitation (AG). Then, the influence of
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mechanical agitation on the external resistance to mass transfer was higher at the beginning of the process than the
influence of ultrasound.
Table 1. Naik’s model parameters identified from the experimental data.
Yeq B Yeq/B VAR
Oliv. leaves-AG 20541 50.6 404.0 93.97
Oliv. leaves-US 29001 97.1 298.7 95.38
Grape stalk-AG 17608 153.0 115.1 88.43
Grape stalk-US 12476 184.3 67.7 71.90
On the other hand, the Yeq represents the antioxidant capacity of extracts in the equilibrium that means the
concentration after a large time of extraction. In this case, the influence of ultrasound depended on the raw matter. It 
was lower for US than for AG extraction process for grape stalks extracts. While, the US olive leaves extracts
showed a higher Yeq than AG ones. This behavior can be explained from the different geometry of samples affecting
ultrasonic application. The olive leaves have a laminar shape and during treatments constituted a layer that received
homogeneously the ultrasonic waves. On the contrary, grape stalk make up a tangle when are introduced in the
solution of ethanol. In this case, only the external layers in the tangle received the ultrasonic energy and as
consequence, its effects. Therefore, the global effects of ultrasound are reduced. Another explanation could be the
existence of an ultrasonic power threshold as observed in other materials.
The global effects of ultrasound application can be observed plotting the extraction kinetics calculated by de
model (Fig.2).
Fig.2  Antioxidant capacity of extracts from olive leaves and grape stalk predicted by 
the Naik model for US and AG extraction processes.
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4. Conclusion 
The influence of the application of high intensity ultrasound during the antioxidant extraction process was 
different for olives leaves than for grape stalks. The antioxidant capacity of extracts in the equilibrium was higher 
for olives leaves when ultrasound was applied. For grape stalk, the mechanical agitation of solution was more 
effective than the application of ultrasound. Probably, the main reason of this behavior could be the irregular 
geometry of grape stalks. More experiments reducing size of grape stalks will be carried to confirm this point. 
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